types, but a bit differently: poplar type (Europe, non-tropical parts of Asia, New Zealand, and North America), birch type (Russia), green type (Brazil), red type (Brazil, Cuba, and Mexico), Clusia type (Cuba and Venezuela), Pacific or Macaranga type (Okinawa prefecture in Japan, Taiwan, and Indonesia), and Mediterranean type (Greece, Sicily, and Malta). Nonetheless, classification of propolis differs among authors as more and more types of propolis of different plant origins are being discovered. For example, Park et al. [21] already described about 12 types of Brazilian propolis; however, a few years later, a new, red Brazilian propolis type was added. From all propolis types, poplar and Brazil green propolis are the most commercially available and widely studied because of their strong pharmacological activities [14] .
The composition of propolis is highly dependent on its main plant source and season, as well as of the bee species; however, in general it is composed of 50% plant balsam and resin, 30% bees wax, 10% essential and aromatic oils, 5% pollen, and 5% other organic and inorganic molecules. This is especially true for poplar type propolis [7, 10, 22, 23] . The color of propolis depends on its age and primary plant source and varies from yellow, green to red, and dark brown; there have even been reports about transparent propolis [3] . Its chemical composition is extremely diverse. Until 2012, more than 500 constituents have been recorded in propolis from different plant sources and countries [8] and until 2018 this number grew by at least 305. However, each propolis sample contains approximately 80-100 different constituents [10] . Among those are phenolic acids and esters, many types of flavonoids and other phenolic molecules, terpenes, ketones, aromatic aldehydes and alcohols, proteins, fatty acids, waxy acids, amino acids, steroids, stilbenes, sugars, vitamins (B 1 , B 2 , B 3 , B 5 , B 6 , C, and E), minerals (at least 35, some only found in traces), and even enzymes (e.g. b-glycosidase) [5, 6, 8, [24] [25] [26] [27] . Some groups of compounds, e.g. glycosides, were discovered quite late [28] and some, e.g. alkaloids and tannins, were found only recently [29] [30] [31] .
Each year, more and more constituents are reported from propolis for the first time, some of them being completely new to science. In this paper, 305 constituents found in propolis for the first time between 2013 and 2018 are being reviewed, with the addition of 19 compounds found between 2011 and 2012 that were not included in Huang et al. [8] , a similar review article. The constituents originating from propolis are from different regions and countries around the world, some countries being represented more than once. New constituents were isolated from propolis originating from North America (Mexico and United States), Oceania (Australia 3× and Pitcairn Island), Middle East (Saudi Arabia 2× and Oman), Asia (Thailand 2×, Malaysia 2×, China, Fiji, and Korea), Europe (Portugal, Bulgaria, France, Italy, United Kingdom, and Serbia), South and Middle America (Brazil 6×, Ecuador, Honduras, Bolivia, Chile, and Argentina), and Africa (Cameroon 5×, Algeria 3×, Nigeria 3×, Ghana, Congo, and Egypt). Components isolated from propolis for the first time between 2013 and 2018 (also those missing in Huang et al. [8] ) were scouted and summarized from databases including BioMed Central, PubMed, and others, or were found via Google Scholar search engine.
PHENOLS AND FLAVONOIDS
Phenols, or sometimes referred to as polyphenols, are one of the most numerous and widely distributed groups of substances in the plant Kingdom. They are products of the secondary metabolism of plants. They can range from simple molecules, such as phenolic acids, to highly polymerized compounds, such as tannins. Their most characteristic feature is their aromatic ring and the alcohol (-OH) group associated with it. Phenols are further divided into at least 18 classes: simple phenols, benzoquinones, phenolic acids, acetophenones, phenylacetic acids, hydroxycinnamic acids, phenylpropenes, coumarins and isocoumarins, chromones, naftoquinones, xanthones, stilbenes, anthraquinones, flavonoids, lignans, neolignans, lignins, and condensed tannins. More than 8000 phenolic structures are known, most of them belong to the subclass of flavonoids (5000) [32, 33] .
Phenols are also the most abundant constituents in propolis, especially in those of poplar origin. On average, they represent around 28 ± 9% of whole mass of poplar type propolis, of which 8 ± 4% are flavones/flavonols and 6 ± 2% are flavanones/dihydroflavonols. The isolated phenols belong to many different classes of compounds, such as flavonoids, lignans, stilbenes, phenylpropanoids (including different acids), and others, among which flavonoids are the most important molecules in propolis [8, 11, 34] . Ghisalberti [5] mentioned more than 20 isolated phenols in propolis until the year 1979 and until 1987, at least 59 different phenol constituents have been found in propolis samples [24] ). The number rapidly grew and Marcucci [6] reported 100 phenol constituents isolated from propolis until the year 1995. From 1995 to 2000, Bankova et al. [11] reported 40 new phenols and from 2000 to 2012, astounding 184 new phenols have been isolated [8] . Additional six were found in 2011 [35] and thirteen in 2012 [36, 37] , which were previously not included in Huang et al. [8] . Altogether, at least 330 phenols have been isolated in propolis until the year 2012 and despite those numbers, just between 2013 and 2018, 92 flavonoids (including their glycosides) and altogether 218 new phenols were isolated from propolis, which brings the final number of isolated phenols from propolis to at least 548 until 2018.
From all the constituents, phenols (such as flavonoids, lignans, caffeoylquinic acid derivatives, and hydroxycinnamic acid derivatives) and terpenes are also thought to be the main active molecules of propolis from temperate climates, whereas for the tropical regions and also some Mediterranean regions, the predominant active constituents of propolis are phenols, different from those found in poplar propolis (prenylated r-coumaric and cinnamic acids, lignans, stilbenes), and diterpenic acids [1, 3, 8, 9, 11, 34] . Owing to their abundance and activity, phenols are regarded as the most important constituents of propolis [38, 39] .
As mentioned, among phenols, flavonoids are the most important propolis constituents, acting as the main biologically active ingredients. They are also used in determining the quality of propolis samples [39] . Walker and Crane [24] reported at least 40 known flavonoids from propolis, whereas Marcucci [6] reported at least 44 in 1995. Bankova et al. [11] mentioned seven newly isolated flavonoids in propolis between 1995 and 2000, but just between 2000 and 2012, an astounding 113 new flavonoids were isolated [8] . Despite high numbers of already isolated flavonoids, 92 (including their glycosides) were discovered in propolis for the first time between 2013 and 2018. According to their chemical structure, isolated flavonoids are classified into 11 subclasses: flavans, isoflavans, flavanones, flavanonols, flavones, isoflavones, isodihydroflavones, flavonols, chalcones, dihydrochalcones, and neoflavonoids (Figure 1 ). Besides flavonoids, their glycosides are also being discovered in propolis, although until 2012 they were considered very rare. Only two flavonoid glycosides were isolated from propolis until 2009 and until 2012 their number grew only by one [8, 40] . Yet in the past 6 years, 57 flavonoid glycosides were isolated from propolis for the first time, making flavonoid glycosides an important group of compounds in propolis samples. In 2004, some speculations were made that propolis samples could also contain anthocyanidins, although they have yet to be reported in propolis [41] .
Among the 92 newly isolated flavonoids, their glycosides (57) are one of the biggest discoveries in the recent years because of their earlier rarity. They were isolated from European (Serbia, United Kingdom, and Portugal) and South American (Brazil) samples. Some other new flavonoid compounds were also isolated from Middle East (Oman and Saudi Arabia), Europe (France and Serbia), Asia (Thailand, Korea, and Fiji), Middle and South America (Ecuador, Argentina, and Brazil), and Africa (Algeria, Congo, Cameroon, and Nigeria). The newly isolated flavonoids are listed in Table 1 . Among other 126 isolated "non-flavonoid" phenols, compounds from stilbenes and phenolic acids groups were the most abundant. Five of the isolated phenols were found in 2011 [35] , whereas one phenolic acid ester [36] and twelve phenylpropanoids [37] were isolated in 2012. All of them are included in this review as they were excluded from the previous review article [8] . Table 2 . 
Terpenoids
Terpenes and terpenoids are the biggest and most diverse group of secondary plant metabolites, which include more than 25,000 compounds. They are molecules composed from one or more isoprene (C 5 ) units. Term terpene refers to a hydrocarbon molecule, whereas term terpenoid refers to hydrocarbon molecule that has been modified (e.g., addition of oxygen). Terpenes are further divided into seven classes: hemiterpenes (C 5 ), monoterpenes (C 10 ), sesquiterpenes (C 15 ), diterpenes (C 20 ), triterpenes (C 30 ), tetraterpenes (C 40 ), and polyterpenes (C 45 or more) [73] . They are the second biggest and most important group of compounds and also the most abundant volatile components of propolis [74] . As mentioned before, they are one of the main biologically active substances in propolis and they play a major role in determining its quality. Terpenes were found mainly in tropical propolis, being rarer in poplar propolis type, yet some of them were also isolated from the Mediterranean propolis. Sesquiterpenes are the main group of terpenes found in propolis and are further divided into acyclic, monocyclic, dicyclic, and tricyclic sesquiterpenes. Other important terpenes from propolis are monoterpenes, triterpenes, and diterpenes, latter being the most important terpene from the pharmacological point of view [8, 20, 40, 75] .
Walker and Crane [24] mentioned 18 isolated terpenoids from propolis and Marcucci [6] added another 11. Between 2000 and 2012 Huang et al. [8] reported 58 terpenoids isolated from propolis for the first time, whereas between 2013 and 2018 another 46 were reported. In total, at least 133 terpenes were isolated from propolis until 2018. Terpenes isolated between 2013 and 2018 were found in propolis samples from Africa (Cameroon, Algeria, Egypt, and Nigeria), Asia (Malaysia and Thailand), South America (Chile, Brazil, and Bolivia), Middle East (Saudi Arabia), and Oceania (Australia and Pitcairn Island). Otherwise, most of the newly isolated terpenoids after 2013 belong to the group of triterpenes. Newly isolated terpenoids are listed in Table 3 . 
Fatty Acids
Fatty acids are one of the "waxy" nonpolar parts of propolis, and Heinen and Linskens [83] were one of the first researchers who isolated fatty acids (ranging from C 7 to C 18 ) from propolis. Until 2018, there were many more found in propolis and some authors reported them as long as C 36 [84] . Despite the fact that fatty acids were discovered in propolis relatively soon, most of the authors do not mention them in their articles. They can be present in propolis as glycosides, free fatty acids, different type of esters, or others [56, 84] . There are many different types of fatty acids found in propolis: saturated, monounsaturated, polyunsaturated, and even omega-3 and omega-6 fatty acids [85] . As they are not among the most widely reported compounds in propolis, between 2013 and 2018 only two authors reported fatty acids isolated from propolis for the first time. Among those reported, 13 were free fatty acids and 4 were fatty acid glycosides. All of them were from European samples (Bulgaria and United Kingdom). Details can be found in Table 4 . samples) as such were reported from propolis before 2011-2012 [8, 87] . To the best of our knowledge, alkaloids and their derivatives were first isolated from propolis in 2015 [57] , when they were isolated from Brazilian propolis. They were later reported again, when they were isolated from Algerian propolis in 2017 [31] and from Brazilian propolis in 2018 [47] . Altogether 16 alkaloids and 5 alkaloid derivatives were isolated from propolis samples from two different countries. Specifics are listed in Table 6 .
Other Compounds
Researchers also reported some new compounds in propolis that do not belong to any of the previously mentioned groups but were still isolated from propolis for the first time. Nineteen new compounds were isolated between 2013 and 2018, with the addition of one compound isolated in 2011 [35] , which was not included in the review article by Huang et al. [8] . The newly isolated compounds were found in propolis from South America (Argentina), Africa (Algeria), and Europe (United Kingdom). Specifics are listed in Table 7 .
Besides compounds mentioned above, there might be some that were not included in this review, either because their structures were not determined [47, 60, 66] , because authors did not pay enough attention to their novelty and they were not specifically labelled as new [13, 31, 47, 53, 63, 64, 67, 88] , or simply because they were overlooked. In conclusion, actual number of compounds isolated in the recent years could be even higher.
Alcohols
Propolis, among other things, also contains different types of alcoholic compounds, such as simple alcohols, fatty alcohols, sugar alcohols, sterols, and others [8, 24, 84] . Between 2013 and 2018, two new alcohols were isolated from propolis samples from Africa (Cameroon) and Middle East (Oman). Table 5 includes only alcohols that were not included in the previous tables.
Alkaloids and their Derivatives
One of the most surprising discoveries regarding propolis in the recent years is definitely the discovery of alkaloids and their derivatives in propolis samples. Neither alkaloids nor nitrogenous compounds (except some vitamins from only a few 
CONCLUSION
Until 2000 at least 300 compounds were reported from propolis [6, 11] and Huang et al. [8] reported another 241 between 2000 and 2012. Despite these numbers, just between 2013 and 2018 at least 305 compounds were isolated from propolis for the first time, including the first isolation of alkaloids. This number excludes 19 compounds isolated between 2011 and 2012, which were excluded from the previously mentioned review by Huang et al. [8] and were thus included in this article, bringing the total number to 324. Altogether, until 2018 more than 850 compounds are reported from propolis.
Compounds included in this article were isolated from 6 different continents and from 29 different countries (including the 19 added compounds isolated in 2011-2012 mentioned above). New compounds were isolated on more than one occasion from propolis of some countries, most often from Brazil (6×). Most of the compounds belong to the groups of flavonoids (92), phenols (126), and terpenes (46), whereas fatty acids (17), alcohols (2), alkaloids (21) , and other compounds (20) represent a minor fraction. Despite the fact that propolis has been intensely studied for at least 30-40 years, new discoveries are being made on a yearly basis and it is not yet known how many more will be discovered in the upcoming years.
